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Overview of Research Directions

• Loops

• Logs

• Legs 

} MC@NLO, 
POWHEG =
1 NLO + 
1 LO + PS

} CKKW, MLM = 
many LO + PS

- shower (LL) 
- QCD resummation 
- SCET

-Madgraph
-Alpgen 
-AMEGIC++
-calchep

}GenEvA (v0.1), MENLOPS = 

1 NLO + many LO + PS

Geneva (v1.0) =            
many NLO + many LO + PS

MC@NLO: Frixione, Webber
POWHEG: Nason et al 

CKKW: Catani, Krauss, Kuhn, Webber
MLM: Mangano

GenEvA v0.1: Bauer, Tackmann, Thaler (0801.4026, 0801.4028)
MENLOPS: Hamilton, Nason; Hoche, Krauss, Schonherr, Siegert

Disclaimer: Many of 
these slides copied from 

A. Hornig

Expect releases 
this summer!!



The Parton Shower (PS)

• LO for lowest multiplicity, higher mult. filled w/ parton splittings

• simple phase-space picture

dΦn+2dΦn+1dΦn

LO Matrix 
Element

Parton
Shower

Parton
Shower

dΦn+3

Parton
Shower

start w/ 2-2 ME 
2 partons/jets

⇒

showering fills 
N-body phase 
space for all N 



The Parton Shower (PS)
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•  beyond tree level, will need partons ≠ jets!! 



• divide phase-space w/ (a set of) resolution variable(s), (e.g., the min 
virtuality t or the n-jettiness parameters τn)
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The Parton Shower (PS)
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• in PS, only τn < τc good approx. (n-body singular region)



How to Merge many LO + PS (e.g., CKKW/MLM)

• multiple LO ME’s + shower

• double-counting avoided by dividing phase-space w/ some 
resolution parameter τn)

• correct at LO, LL (partial NLL)
• ME calculation needs LL resummation to match PS

Exclusive 2-jet:

}
start PS at τ = τc

τ > τc}
Exclusive 3-jet: Inclusive 4-jet:

} fill remaining 
phase-space 
w/ PS



How to Merge LO + PS (e.g., CKKW/MLM)

• can have many exclusive jets at LO (not shown)
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NLO + PS

• rows are IR-safe, finite quantities, but not columns!
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LO + 
virtual

NLO + PS: MC@NLO, POWHEG

• need some “subtraction”:
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Difficulties in Merging NLO + PS

• unlike CKKW, not just one approx. is valid here:

• need to combine (exact) real emission (dΦn+1), with virtual 
corrections (dΦn), at least in the singular limits

• it’s precisely in these singular (soft/collinear) limits that we need 
resummation!

• Q: how to have both resummation and correct real emission when 
they live in same part of phase-space?

• most current solutions make it difficult to have multiple NLO
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NLO + PS: Geneva (v1.0)

• Use exclusive NLO cross section for dΦn  (calculable in SCET)
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Many NLO+PS: Geneva (v1.0)

• Can have any number of NLO/LO matrix elements
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Why SCET?



Woodchuck Groundhog

(According to first hits on Google image search...)



Woodchuck Groundhog

Actually the SAME ANIMAL.



Woodchuck Groundhog

Actually the SAME ANIMAL.



Sometimes one description is preferable:

“How much wood 
would a groundhog 

chuck...?”



Sometimes one description is preferable:

“How much wood 
would a groundhog 

chuck...?”



SCET QCD

Same physics!
SCET just makes certain calculations easier.

Factorization of Jet Cross Sections

• e+e- annihilation to hadrons:
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hadronization)

Collins, Soper, Sterman
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Soft-Collinear Effective Theory

21

• Soft-collinear effective theory (SCET) is an 
effective theory of QCD at high energies

• SCET separates dynamics at different 
energy/distance scales

• Soft and collinear modes become 
different fields in SCET, matching to 
QCD with hard modes

• Can prove factorization theorems more 
easily in SCET

• Hard (H), jet (J1,J2), and soft (S) 
functions are separately calculable

• Each function incorporates physics at a 
different distance scale

p = (n · p, n̄ · p, p⊥)

n = (1, 0, 0, 1) n̄ = (1, 0, 0,−1)
n̄n

Bauer, Fleming, Luke:
Phys Rev D63, 014006 (2000)

Bauer, Fleming, Pirjol, Stewart:
Phys Rev D63, 114020 (2001)

Bauer, Stewart:
Phys Lett B516, 134-142 (2001)

Bauer, Pirjol, Stewart:
Phys Rev D65, 054022 (2002)

(SCET slides from J. Walsh)



Soft-Collinear Effective Theory
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• Soft-collinear effective theory (SCET) is an 
effective theory of QCD at high energies

• SCET separates dynamics at different 
energy/distance scales

• Soft and collinear modes become 
different fields in SCET, matching to 
QCD with hard modes

• Can prove factorization theorems more 
easily in SCET

• Hard (H), jet (J1,J2), and soft (S) 
functions are separately calculable

• Each function incorporates physics at a 
different distance scale

p = (n · p, n̄ · p, p⊥)

pc ∼ Q(λ2, 1, λ)

ps ∼ Q(λ2, λ2, λ2)

n = (1, 0, 0, 1) n̄ = (1, 0, 0,−1)
n̄n

collinear

softλ ≡
p⊥

Q
" 1

Bauer, Fleming, Luke:
Phys Rev D63, 014006 (2000)

Bauer, Fleming, Pirjol, Stewart:
Phys Rev D63, 114020 (2001)

Bauer, Stewart:
Phys Lett B516, 134-142 (2001)

Bauer, Pirjol, Stewart:
Phys Rev D65, 054022 (2002)
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Soft-Collinear Effective Theory
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• Soft-collinear effective theory (SCET) is an 
effective theory of QCD at high energies

• SCET separates dynamics at different 
energy/distance scales

• Soft and collinear modes become 
different fields in SCET, matching to 
QCD with hard modes

• Can prove factorization theorems more 
easily in SCET

• Hard (H), jet (J1,J2), and soft (S) 
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Bauer, Fleming, Luke:
Phys Rev D63, 014006 (2000)

Bauer, Fleming, Pirjol, Stewart:
Phys Rev D63, 114020 (2001)

Bauer, Stewart:
Phys Lett B516, 134-142 (2001)

Bauer, Pirjol, Stewart:
Phys Rev D65, 054022 (2002)



Soft-Collinear Effective Theory & Resummation

• SCET separates hard/collinear/soft (& pert. from non-pert.)

• classic example = thrust (here, τ = 1-thrust → 0 for pencil-like jets):

• H (“hard” func.): QCD virtual corrections (MS)

• J, S (“jet”/“soft” funcs.): real emission corrections in collinear, soft 
limits

• RGE of H/J/S from μ to Q/Qτ1/2/Qτ resums logs of τ

H, J, S = 1 + αs + · · ·
Born cross-section

4

malon. In our analysis this renormalon is removed
by using an R-gap scheme for the definition of
Ω1 [16]. This scheme choice induces subtractions
on the leading power MS cross section which si-
multaneously remove the renormalon there. Large
logarithms in the subtractions are summed to all
orders in αs using R-evolution equations given in
Refs. [39, 40].

• Finite bottom quark mass corrections are included
using a factorization theorem for event shapes in-
volving massive quarks, derived in Refs. [14, 41].

• QED corrections at NNLL order are incorporated,
counting αem ∼ α2

s. This includes QED Sudakov
effects, final state radiation, and QED/QCD renor-
malization group interference.

• The 3-loop finite term h3 of the quark form factor
in MS is extracted using the results of Ref. [42],
and is included in our analysis.

• The most important corrections from the axial
anomaly are included. The anomaly modifies
the axial-vector current contributions at O(α2

s) by
terms involving the top quark mass.

Electroweak effects from virtual W and Z loops mostly
effect the normalization of the cross section and so their
dominant contribution drops out of (1/σ)dσ/dτ [43, 44].
These corrections are not included in our analysis.
For the numerical analyses carried out in this work

we have created within our collaboration two completely
independent codes. One code within Mathematica [45]
implements the theoretical expressions exactly as given
in this paper, and one code is based on theoretical formu-
lae in Fourier space and realized as a fast Fortran code
suitable for parallelized runs on computer clusters. These
two codes agree for the thrust distribution at the level of
10−6.
While the resulting theoretical code can be used for all

values of τ , in this paper we focus our numerical analysis
on a global fit of e+e− thrust data in the tail region, for
c.m. energies Q between 35 and 207 GeV, to determine
αs(mZ).3 Our global fit exhibits consistency across all
available data sets, and reduces the overall experimental
uncertainty. For a single Q we find a strong correlation
between the effect of αs(mZ) and Ω1 on the cross sec-
tion. This degeneracy is broken by fitting data at mul-
tiple Qs. The hadronization uncertainty is significantly
decreased by our simultaneous global fit to αs(mZ) and
Ω1. To estimate the perturbative uncertainty in the fit we
use a random scan in a 12-dimensional theory parameter
space. This space includes 6 parameters for µ-variation,
3 parameters for theory uncertainties related to the finite

3 Throughout this paper we use the MS scheme for αs with five
light flavors.

statistics of the numerical fixed-order results, one param-
eter for the unknown 4-loop cusp anomalous dimension,
and two parameters for unknown constants in the per-
turbative 3-loop jet and 3-loop soft functions. The scan
yields a more conservative theory error than the error
band method [26]. Despite this we are able to achieve
smaller perturbative uncertainties than earlier analyses
due to our removal of the O(ΛQCD) renormalon and the
inclusion of h3. We also analyze in detail the dependence
of the fit results on the range in τ used in the fit.
The outline of the paper is as follows. In Sec. II we

introduce the theoretical framework and discuss the var-
ious theoretical ingredients in our final dσ/dτ formula.
In Sec. III we present the profile functions which allow
us to simultaneously treat multiple τ regions, and dis-
cuss the 6 parameters used for µ-variation in the analy-
sis of the perturbative uncertainty. In Sec. IV we review
the parametrization of the nonperturbative function. In
Sec. V we discuss the normalization of our distributions
and compare results at different orders in perturbation
theory for: fixed-order results, adding the log resumma-
tion, adding the nonperturbative corrections, and adding
the renormalon subtractions. In Sec. VI we discuss the
experimental data and the fit procedure. Our results
for αs(mZ) and the soft function moment Ω1 from the
global fit are presented in Sec. VII, including a discus-
sion of the theory errors. In Sec. VIII we use our tail fit
results to make predictions in the far-tail and peak re-
gions, and compare with data. Cross checks on our code
are discussed in Sec. IX, including using it to reproduce
the earlier lower precision fits of Dissertori et al. [22] and
Becher and Schwartz [20]. Section X contains our con-
clusions and outlook, including prospects for future im-
provements based on the universality of the parameter
Ω1. The analytic theoretical expressions that went into
our analysis for massless quarks and QCD effects are pre-
sented in condensed form in Appendix A. In Appendix B
we use the operator product expansion for the soft func-
tion in the tail region, discussing uniqueness and deriving
an all order relation for the Wilson coefficient of Ω1. In
Appendix C we use an OPE for the first moment of the
thrust distribution to show that it involves the same Ω1

at lowest order. Readers most interested in our numerical
results can skip directly to Sections VI and VII.

II. FORMALISM

A. Overview

The factorization formula we use for the fits to the
experimental thrust data is

dσ

dτ
=

∫
dk

(
dσ̂s

dτ
+

dσ̂ns

dτ
+

∆dσ̂b

dτ

)(
τ −

k

Q

)

× Smod
τ

(
k−2∆̄(R, µS)

)
+O

(
σ0 αs

ΛQCD

Q

)
. (4)

= σ0H(µ,Q)

�
dτndτnJn(µ,Q

√
τn)Jn̄(µ,Q

√
τn̄)S(µ,Q(τ − τn − τn̄))



SCET Approach to “Merging”

• tail region matching for to get exact NLO when  τ~1:

• include non-pert. corrections: 

• works for particular observables, need generic for Event Generator

4

malon. In our analysis this renormalon is removed
by using an R-gap scheme for the definition of
Ω1 [16]. This scheme choice induces subtractions
on the leading power MS cross section which si-
multaneously remove the renormalon there. Large
logarithms in the subtractions are summed to all
orders in αs using R-evolution equations given in
Refs. [39, 40].
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and is included in our analysis.
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anomaly are included. The anomaly modifies
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Electroweak effects from virtual W and Z loops mostly
effect the normalization of the cross section and so their
dominant contribution drops out of (1/σ)dσ/dτ [43, 44].
These corrections are not included in our analysis.
For the numerical analyses carried out in this work

we have created within our collaboration two completely
independent codes. One code within Mathematica [45]
implements the theoretical expressions exactly as given
in this paper, and one code is based on theoretical formu-
lae in Fourier space and realized as a fast Fortran code
suitable for parallelized runs on computer clusters. These
two codes agree for the thrust distribution at the level of
10−6.
While the resulting theoretical code can be used for all

values of τ , in this paper we focus our numerical analysis
on a global fit of e+e− thrust data in the tail region, for
c.m. energies Q between 35 and 207 GeV, to determine
αs(mZ).3 Our global fit exhibits consistency across all
available data sets, and reduces the overall experimental
uncertainty. For a single Q we find a strong correlation
between the effect of αs(mZ) and Ω1 on the cross sec-
tion. This degeneracy is broken by fitting data at mul-
tiple Qs. The hadronization uncertainty is significantly
decreased by our simultaneous global fit to αs(mZ) and
Ω1. To estimate the perturbative uncertainty in the fit we
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3 parameters for theory uncertainties related to the finite
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statistics of the numerical fixed-order results, one param-
eter for the unknown 4-loop cusp anomalous dimension,
and two parameters for unknown constants in the per-
turbative 3-loop jet and 3-loop soft functions. The scan
yields a more conservative theory error than the error
band method [26]. Despite this we are able to achieve
smaller perturbative uncertainties than earlier analyses
due to our removal of the O(ΛQCD) renormalon and the
inclusion of h3. We also analyze in detail the dependence
of the fit results on the range in τ used in the fit.
The outline of the paper is as follows. In Sec. II we

introduce the theoretical framework and discuss the var-
ious theoretical ingredients in our final dσ/dτ formula.
In Sec. III we present the profile functions which allow
us to simultaneously treat multiple τ regions, and dis-
cuss the 6 parameters used for µ-variation in the analy-
sis of the perturbative uncertainty. In Sec. IV we review
the parametrization of the nonperturbative function. In
Sec. V we discuss the normalization of our distributions
and compare results at different orders in perturbation
theory for: fixed-order results, adding the log resumma-
tion, adding the nonperturbative corrections, and adding
the renormalon subtractions. In Sec. VI we discuss the
experimental data and the fit procedure. Our results
for αs(mZ) and the soft function moment Ω1 from the
global fit are presented in Sec. VII, including a discus-
sion of the theory errors. In Sec. VIII we use our tail fit
results to make predictions in the far-tail and peak re-
gions, and compare with data. Cross checks on our code
are discussed in Sec. IX, including using it to reproduce
the earlier lower precision fits of Dissertori et al. [22] and
Becher and Schwartz [20]. Section X contains our con-
clusions and outlook, including prospects for future im-
provements based on the universality of the parameter
Ω1. The analytic theoretical expressions that went into
our analysis for massless quarks and QCD effects are pre-
sented in condensed form in Appendix A. In Appendix B
we use the operator product expansion for the soft func-
tion in the tail region, discussing uniqueness and deriving
an all order relation for the Wilson coefficient of Ω1. In
Appendix C we use an OPE for the first moment of the
thrust distribution to show that it involves the same Ω1

at lowest order. Readers most interested in our numerical
results can skip directly to Sections VI and VII.
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by using an R-gap scheme for the definition of
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on the leading power MS cross section which si-
multaneously remove the renormalon there. Large
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orders in αs using R-evolution equations given in
Refs. [39, 40].

• Finite bottom quark mass corrections are included
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s. This includes QED Sudakov
effects, final state radiation, and QED/QCD renor-
malization group interference.

• The 3-loop finite term h3 of the quark form factor
in MS is extracted using the results of Ref. [42],
and is included in our analysis.

• The most important corrections from the axial
anomaly are included. The anomaly modifies
the axial-vector current contributions at O(α2

s) by
terms involving the top quark mass.

Electroweak effects from virtual W and Z loops mostly
effect the normalization of the cross section and so their
dominant contribution drops out of (1/σ)dσ/dτ [43, 44].
These corrections are not included in our analysis.
For the numerical analyses carried out in this work

we have created within our collaboration two completely
independent codes. One code within Mathematica [45]
implements the theoretical expressions exactly as given
in this paper, and one code is based on theoretical formu-
lae in Fourier space and realized as a fast Fortran code
suitable for parallelized runs on computer clusters. These
two codes agree for the thrust distribution at the level of
10−6.
While the resulting theoretical code can be used for all

values of τ , in this paper we focus our numerical analysis
on a global fit of e+e− thrust data in the tail region, for
c.m. energies Q between 35 and 207 GeV, to determine
αs(mZ).3 Our global fit exhibits consistency across all
available data sets, and reduces the overall experimental
uncertainty. For a single Q we find a strong correlation
between the effect of αs(mZ) and Ω1 on the cross sec-
tion. This degeneracy is broken by fitting data at mul-
tiple Qs. The hadronization uncertainty is significantly
decreased by our simultaneous global fit to αs(mZ) and
Ω1. To estimate the perturbative uncertainty in the fit we
use a random scan in a 12-dimensional theory parameter
space. This space includes 6 parameters for µ-variation,
3 parameters for theory uncertainties related to the finite

3 Throughout this paper we use the MS scheme for αs with five
light flavors.

statistics of the numerical fixed-order results, one param-
eter for the unknown 4-loop cusp anomalous dimension,
and two parameters for unknown constants in the per-
turbative 3-loop jet and 3-loop soft functions. The scan
yields a more conservative theory error than the error
band method [26]. Despite this we are able to achieve
smaller perturbative uncertainties than earlier analyses
due to our removal of the O(ΛQCD) renormalon and the
inclusion of h3. We also analyze in detail the dependence
of the fit results on the range in τ used in the fit.
The outline of the paper is as follows. In Sec. II we

introduce the theoretical framework and discuss the var-
ious theoretical ingredients in our final dσ/dτ formula.
In Sec. III we present the profile functions which allow
us to simultaneously treat multiple τ regions, and dis-
cuss the 6 parameters used for µ-variation in the analy-
sis of the perturbative uncertainty. In Sec. IV we review
the parametrization of the nonperturbative function. In
Sec. V we discuss the normalization of our distributions
and compare results at different orders in perturbation
theory for: fixed-order results, adding the log resumma-
tion, adding the nonperturbative corrections, and adding
the renormalon subtractions. In Sec. VI we discuss the
experimental data and the fit procedure. Our results
for αs(mZ) and the soft function moment Ω1 from the
global fit are presented in Sec. VII, including a discus-
sion of the theory errors. In Sec. VIII we use our tail fit
results to make predictions in the far-tail and peak re-
gions, and compare with data. Cross checks on our code
are discussed in Sec. IX, including using it to reproduce
the earlier lower precision fits of Dissertori et al. [22] and
Becher and Schwartz [20]. Section X contains our con-
clusions and outlook, including prospects for future im-
provements based on the universality of the parameter
Ω1. The analytic theoretical expressions that went into
our analysis for massless quarks and QCD effects are pre-
sented in condensed form in Appendix A. In Appendix B
we use the operator product expansion for the soft func-
tion in the tail region, discussing uniqueness and deriving
an all order relation for the Wilson coefficient of Ω1. In
Appendix C we use an OPE for the first moment of the
thrust distribution to show that it involves the same Ω1

at lowest order. Readers most interested in our numerical
results can skip directly to Sections VI and VII.
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Smod(k)

SCET resummed calc. of “singular” terms (τ << 1),
terms like αmlogn(τ)/τ (currently N3LL/NNLO)

difference of QCD and SCET expanded to fixed-
order in αs (terms like αmlogn(τ), αmτn)

dσ̂ns

dτ
=

dσ̂QCD

dτ
−
�
dσ̂ns

dτ

�

exp.

Becher, Schwartz ’08 



Exclusive Cross-Sections in SCET

• just use calculation of some exclusive multijet measure (e.g., N-
jettiness)

• shower fills t < tc

• integrate up to get other observables at LL

• beyond leading logs, need other soft functions

⇒ generate other soft funcs numerically

tc tc tc

tc tc

tc tc
Bauer, Dunn, AH ’11



Kinematic Logs in SCET	 (generalized CKKW)

∼ mJ ∼ Q∼
√
s12∼ m2

J/Q ∼ m2
J/

√
s12

∼ mJ ∼ Q∼ m2
J/Q

Bauer, Tackmann, Walsh, Zuberi

}
}

}
mJ1mJ3

mJ2

• traditional SCET: Q ~ sij >> mJ1 ~ mJ2~ mJ3

• “SCET+”: Q >> s12 >> mJ1 ~ mJ2~ mJ3

} s12

Ongoing work...



GenEvA Code	

• “Pure” C++

• Modular

• Easy to read (objects ↔ physics)

• Fully Doxygenated

• (Hopefully) proving xkcd wrong!

• Usual story of physicists trying to 
work out project management, 
software design, etc. do novo...

|<
< Prev
Random
Next >
>|

Permanent link to this comic: http://xkcd.com/844/

Image URL (for hotlinking/embedding):
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User

Set options

Generator

φn, w(φn)

{Φn}

• RAMBO
• “Analytic Shower”
     (“GenEvA algorithm”)



Geneva

User

Set options

Generator
Calculation

φn, w(φn)

{Φn}
φn

|M(φn, µ)|2

• RAMBO
• “Analytic Shower”
     (“GenEvA algorithm”)

• LO
• LO/LL
• LO/LL (SCET)
• LO/LL (Shower)
• NLO (SCET)
• NLO2/LL (SCET)
• NLO3/LL (SCET)*



Geneva

User

Set options
(Weighted)

events

Generator
Calculation

Parton shower
φn, w(φn)

{Φn}
φn

|M(φn, µ)|2

{LHE}

• RAMBO
• “Analytic Shower”
     (“GenEvA algorithm”)

• LO
• LO/LL
• LO/LL (SCET)
• LO/LL (Shower)
• NLO (SCET)
• NLO2/LL (SCET)
• NLO3/LL (SCET)*

• Pythia8



Calculations built up from components

CalcNLOLL2SCET

HardFunc

JetFunc

SoftFunc

HardRunSoftRun

FluxFactor

Coupling 
(alpha_s)

Coupling 
(alpha_EW)

Adding these two results together, we find the desired result

dσincl

dΦ2
= B2(Φ2)

�
1 +

αsCF

2π

3
2

�

= B2(Φ2)
�
1 +

αs

π

�
. (41)

2.5 CalcNLOLL2SCET

This calculation allows for a combination of the exclusive 2-jet rate with the inclusive 3
jet rate. The exclusive 2-jet rate is correct to NLO/LL, as calculated in SCET, and the
inclusive 3-jet rate is correct to LO/LL. The combination is done such that by combining
the 2-and 3-jet rate we obtain the correct inclusive 2-jet rate at NLO.

The exclusive 2-jet cross section can again be calculated using SCET. Since we want
to result to be correct at NLO and LL, we write

dσ

dΦ2
(tcut) = B2(Φ2)

�
1+H2(Φ2)+J+S2(Φ2)+NLLH+NLLS

�
ΠH

2 (Q,
√

tcut)ΠS

2 (tcut/Q,
√

tcut) .

(42)
Here the jet function is obtained by summing over the coefficient of the delta function of
the two separate jet functions

J =
�

k

J
(−1)
k

(43)

and the soft function is given by the coefficient of the delta function of the soft function

S2(Φ2) =
�

�i,j�

Ti · Tj

�

k

S
(−1)
ijk

, (44)

and H2(Φ2) is the usual hard function. The combination of the hard, jet and soft function
gives the non-logarithmic terms of the cumulant in SCET.

The evolution kernels ΠH

2 (Q,
√

tcut) and ΠS

2 (tcut/Q,
√

tcut) contain the resummation of
the leading logarithms that arise from running the hard function from Q to

√
tcut and

the soft function from tcut/Q to
√

tcut. The single logarithms are not resummed, and are
implemented to NLO by the factor

NLLH =
αsCF

4π

�
−6 log

tcut

E2
cm

�

NLLS = 0 . (45)

Combining all terms together, we find

dσ

dΦ2
(tcut) = B2(Φ2)

�
1 +

αsCF

2π

�
−3 log

tcut

E2
cm
− 1 +

π2

3

��
exp

�
αsCF

2π

�
−2 log2 tcut

E2
cm

��
.

(46)
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Using this expression, we can write
�

dΦ3 B2(Φ2)
16π2

3
1

Q2 − 3tmin

df(tmin)
dtmin

=
�

dΦ2 B2(Φ2)
� Q2/3

tcut

dtmin
df(tmin)

dtmin

=
�

dΦ2 B2(Φ2)
�
f(Q2/3)− f(tcut)

�
. (54)

This allows us to write down an expression for the 3-jet rate that properly combines
with the exclusive 2-jet rate

dσ

dΦ3
=

16π2

3
1

Q2 − 3tmin

d
dtmin

�
dσ

dΦ2
(tmin)−

dσexp

dΦ2
(tmin)

�
+ B3(Φ3) , (55)

where dσexp/dΦ2 is the fixed order expansion of the result given in IEq. 69. ntegrating this
over the 3-body phase space with τ > tcut/E2

cm, we find
�

dΦ3
dσ

dΦ3
(tcut) =

�
dΦ2

�
dσ

dΦ2
(Q2/3)− dσ
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+
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2π

�
2 log2 tcut
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+ 3 log
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2
− π2
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�
. (56)

Using that
dσ

dΦ2
(Q2/3)− dσexp

dΦ2
(Q2/3) ∼ O(α2

s) , (57)

and
dσexp

dΦ2
(tcut) = B2(Φ2)
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−2 log2 tcut
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− 3 log
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. (58)

Thus, we find
�

dΦ3
dσ

dΦ3
(tcut) =

�
dΦ2

�
B2(Φ2)

�
1 +
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2π

3
2

�
− dσ

dΦ2
(tcut)

�
. (59)

The last term precisely cancels the exclusive 2-jet cross section, so that we find the correct
final result for the inclusive cross section

dσincl

dΦ2
= B2(Φ2)
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1 +
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2π

3
2
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. (60)
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Each component can have 
multiple implementations...



Components all the way down

HardFunc

OneLoopMETreeME

Each component can have 
multiple implementations...

• MadGraph
• Analytic (ee to 2, 3 jets) • Analytic (ee to 2, 3 jets)

Goal: Build code/physics out of 
existing blocks when possible!

Dependency > Redundancy



Some interesting features of GenEvA 0.1
  (that may or may not survive to 1.0)

• Analytic parton shower

• Change how splitting functions work to eliminate momentum re-shuffling 
-- means that branching probabilities independent

• Leads to analytic shower weight

• Re-weightable events!  Can re-weight according to better ME, even for a different 
multiplicity (NLO2 -> NLO3, e.g.), even after detector simulation.

• Not sure if we can extend this to hadron collisions

• Parton shower as phase space generator

• Requires analytic shower; very efficient for QCD events



(Preliminary) Results: LO only (no shower)
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(Preliminary) Results: LO/LL (no shower)

• LO only:

• no events in low thrust region or for τ > 1/3

• LO/LL (no shower):

• double log dependence on tc



(Preliminary) Results: LO/LL (no shower)
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(Preliminary) Results: LO + Pythia (LL)

• LO only:

• no events in low thrust region or for τ > 1/3

• LO/LL (no shower):

double log dependence on tc

• LO + Pythia:

• fills low thrust region and τ > 1/3

• however, it resums LL of tc, but LO does not

⇒ double log sensitivity on tc



(Preliminary) Results: LO + Pythia (LL)
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(Preliminary) Results: SCET NLO/LL+ Pythia (LL)
• Pythia + NLO/LL SCET (3 jet = LO, rate = NLO, t3 & tc = LL)
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Conclusions/Status of Project/Future Timeline

• event generators crucial to connect precision calculations to 
experiment

• goal: many NLO + shower

• method: exclusive cross-sections (SCET)

• have debugged LO/LL (CKKW) and NLO2/LO6/LL (GenEvA v0.1/
MENLOPS)

• working on debugging NLOn/LL, starting with e+e-

• expect W+0,1 jets (both at NLO) soon (end of summer?)



Thank you!


